ABSTRACT Fermented products and components of Saccharomyces cerevisiae have been widely used in animal nutrition to promote the development and quality of broilers. This study aims to evaluate different levels of inclusion (0, 250, 750, 1,500 g/t) of S. cerevisiae fermentation product (SCFP) in broiler feed to gauge its effect on carcass characteristics and cuts beyond the quality of breast meat. For analyses of carcass yield, cuts, and meat quality, 16 broilers per treatment were slaughtered. The meat quality analyses were performed 24 h after slaughter and evaluated color, pH, water holding capacity, cooking loss, and shear force. Lipid oxidation was determined in frozen breast samples stored at -20
INTRODUCTION
The Saccharomyces cerevisiae fermentation product (SCFP) has been widely used in animal nutrition worldwide. In broiler production, it has been shown to be an important tool for reducing coccidian and aflatoxin lesion (Osweiler et al., 2010; McIntyre et al., 2013) . In addition, its use is subject to improvements on the performance and support of the immune system (Gao et al., 2008) .
The SCFP is derived from natural fermentation products and contains yeast cell wall (β-glucan and mannan oligosaccharides), vitamins, proteins, peptides, amino acids, nucleotides, organic acids, alcohols, and esters. SCFP is considered a multimodulator of the immune system with antioxidant and anti-inflammatory effects (Jensen et al., 2007) .
Because they show a very broad nutritional composition, the different compounds of SCFP can act in improving animal performance and, consequently, increase the yield of commercial cuts of broilers.
In relation to the anti-inflammatory and antioxidant effects, a study carried out by Jensen et al. (2007) ob-served that after intake of SCFP in humans, erythrocytes and neutrophils demonstrated inhibition of the formation of reactive oxygen species. One of the ways to form free radicals involves biochemical cascade reactions of arachidonic acid, which is released through activation of phospholipase A2. These free radicals increase lipid oxidation in chicken; this problem is a major cause of loss of meat quality after microbial spoilage as demonstrated by Soares et al. (2009) .
The aim of this study was to evaluate the effect of different levels of inclusion (0, 250, 750, and 1,500 g/t) of SCFP on carcass characteristics, cuts, and meat quality of broiler chickens.
MATERIALS AND METHODS
The experimental procedures that are described in this study were approved by the Animal Ethics Committee of Universidade Estadual de Londrina.
Birds and Treatments
The broilers were fed during 42 d of life with a ration that met the minimum requirements recommended by Rostagno et al. (2011) , with meals made with corn and soybean (Table 1) . The experimental treatments consisted of providing different levels (0, 250, 750, and 3337 Calcium 100 g; phosphorus 21 g; lysin 1,760 g; methionine 2,380 g; threonine 3,920 mg; vitamin A 110,000 IU; vitamin D3 10,000 IU; vitamin E 110 IU; vitamin K3 11 mg; vitamin B2 40 mg; vitamin B12 100 mcg; niacin 400 mg; pantothenic acid 130 mg; vitamin B8 2,183 mg; sodium 32 g; manganese 1,200 mg; zinc 1,000 mg; iron 800 mg; copper 160 mg; iodine 1,795 mg; selenium 5 mg.
1,500 g/t) of SCFP (Diamond V Original XPC, Cedar Rapids, IA). Broiler males (n = 64) of Cobb 500 were utilized, with 2 broilers per repetition to total 16 broilers/treatment. These broilers represented the average of weight of each experimental plot and were slaughtered at 43 d old to analyze carcass yield, cuts, and meat quality.
Carcass Characteristics
For evaluation of carcass yield, cuts, and quality of meat, selected broilers were subjected to pre-slaughter fasting for 8 h. Then, they were subjected to heat stress in a thermal chamber at 36
• C for 30 min. Immediately afterward, the broilers were weighed to determine the weight of slaughter, which was used for determining the carcass and cut yield. Birds were electrically stunned in water bath equipment (Model FX 2.0, Fluxo, Chapecó, Brazil), where they were exposed for 10 s to an electrical current (800-Hz frequency and 42-V voltage) and then bled, scalded, plucked, eviscerated, and cut up to determine the carcass and parts yields.
Carcass yield was calculated as carcass weight without the head, feet, and neck and was determined immediately after evisceration relative to live weight. Breast, legs (thigh and drumstick), back, and wing yields were calculated as their weight relative to eviscerated carcass weight.
Meat Quality
After the determination of the carcass and yield cuts, breast (pectoralis major) meat samples were removed from carcasses approximately 20 min after slaughter, placed in labeled plastic bags, sealed, chilled in an ice bath, and stored at 4
• C for 24 h, after which they were analyzed for meat quality traits such as pH, color, water holding capacity (WHC), cooking loss (CL), and shear force.
The pH was measured by inserting electrodes into the meat samples using a contact pH meter system (Model 205, Testo AG, Lenzkirch, Germany), as reported previously by Olivo et al. (2001) . The color measurements were taken on the dorsal surface of the samples using a Minolta chromameter (Model CR10, Minolta, Osaka, Japan). The L * , a * , and b * measurements were evaluated according to the CIELAB system, where L * corresponds to lightness, a * to redness (between green and red), and b * to yellowness (between blue and yellow). Average L * , a * , and b * values were calculated from 3 readings in different positions.
The WHC was determined according to the method described by Hamm (1960) . Twenty-four hours post mortem, samples were collected from the cranial side of the breast fillets and cut into 2.0-g (±0.10) cubes. The samples were analyzed in duplicate. They were first carefully placed between 2 filter papers and then left under a 10-kg weight for 5 min. The samples were then weighed, and WHC was determined according the following equation:
where Wi and Wf are the initial and final sample weights, respectively. Cooking loss was determined according to the methodology proposed by Cason et al. (1997) . Raw breast meat samples were weighed (±90 g), packaged, and steam-cooked in a water bath at 85
• C for 30 min until an internal end-point temperature of 75 to 80
• C was reached. Samples were then left to cool until room temperature was reached and were then weighed. Cooking loss was calculated as CL (%) = 100 × (1-cooked weight/fresh weight).
Shear force was determined using the CT3 Texture Analyzer (Brookfield, Germany) coupled to a WarnerBratzler probe. The cooked breast muscle samples used for the determination of CLs were tested. The samples were cut into 1.5-cm-wide and 1.0-cm-deep slices and then placed perpendicular to the Warner-Bratzler blade. The maximum force required to cut the slices was determined (kgf).
Lipid oxidation was determined in samples of breasts stored at -20
• C for 45 d, as described by Pikul et al. (1989) .
Statistical Analysis
The data were submitted to analysis of variance, and the means were subsequently compared by Tukey's test at a 5% significance level.
RESULTS AND DISCUSSION

Carcass Yield
According the results obtained about carcass weight (Table 2) , the treatment without inclusion of SCFP showed more weight when compared treatments with 250 and 750 g/t of SCFP (P < 0.05), and no difference was find when the inclusion was 1,500 g/t of SCFP. Thereby, this study demonstrated that when we used the inclusion of 1,500 g/t of SCFP in the feed of broilers, there was an increase in leg yield (P < 0.05) but no changes in carcass and other cut yields ( Table 2) . The results are in agreement with results of the experiment conducted by Miazzo and Peralta (2005) , who observed higher yields of leg and breast in addition to a reduction of abdominal fat in broilers fed 0.3% of yeast in the ration. Karaoglu and Durdag (2005) and Chumpawadee et al. (2008) found no effect of using S. cerevisiae on the carcass yield of broilers. However, different results were obtained by Fathi et al. (2012) , who worked with different levels of S. cerevisae and observed an increased yield of breast when using 1.5 g/kg of the product in feed. In another study conducted by Kidd et al. (2013) , when broiler breeders were fed with products based on S. cerevisiae, the progeny showed more breast yield when compared with the control group. The increase of cut yield may be related to a use of S. cerevisiae as a dietary tool that can provide a better absorption and digestibility of some nutrients such as minerals and vitamins. According to Powell et al. (2014) , the nutritional regimen can stimulate the proliferation and differentiation of satellite cells and may increase some cut yields.
Meat Quality
The results of meat color (Table 3) show that different levels of SCFP inclusion in broiler feed did not change the brightness and intensity of red and yellow. The color is an important parameter of evaluation, because the consumer analyzes differences in color as a standard of the product. This change is associated with a loss of quality. The results of this study are in agreement with those of Pelicano et al. (2005) , who found no differences in color standards of broiler breast samples with added diet products with components of S. cerevisiae as a prebiotic. The inclusion of different levels of SCFP changed the pH of the breast (P < 0.05), as shown in Table 3 . When we provided 1,500 g/t of SCPF, there was a pH reduction (P < 0.05). The reduction of pH is related to the concentration of glycogen. When the anaerobic pathway is used post mortem, energy and lactic acid are generated, thereby reducing pH. Despite differences in pH, the values of thesamples are considered normal for chicken breast (Sheard et al., 2012) , which explains the lack of effect on parameters such as WHC, CL, and shear force (Table 4) . The reduction in pH may promote denaturation of myofibrillar proteins, resulting in a loss of functional capacity of these proteins to retain water in the cell, thereby creating economic losses by dropping carcass and cut yield in the industry. Table 4 shows that other variables, such as WHC, CL, and shear force, were not affected by the different levels of SCFP inclusion in the broiler feed. These results are similar to studies conducted by Pelicano et al. (2005) , who found no differences in the results of CL and texture when the broilers were fed with components of yeast product.
In this study, the inclusion of SCFP reduced (P < 0.05) lipid oxidation (Table 4) , which is a factor of great relevance to the consumer's decision in purchasing the product, because oxidation indicates quality as a change in smell or reduction in shelf life.
The reduction of this change in meat quality observed in this study may be related to anti-inflammatory and antioxidant effects of the components present in the product, such as phenolic compounds and vitamin E.
The broiler chickens were submitted to heat stress at a temperature of 36
• C for 30 min during the preslaughter period. This procedure was performed with the aim of forcing the development of myopathy in meat due to increased creatinine kinase, which is related to muscle damage (Mitchell and Sandercock, 1995) .
According to Han et al. (2010) , heat stress leads to alteration of homeostasis, increasing the rate of breathing, which can lead to increased production of free radicals that damages the cell phospholipid membranes and favors the oxidation of meat. Another modification related to heat stress is the change in the pump activity of Na + /K + ATPase (DuBourdieu and Shier, 1992). Blaustein et al. (1999) suggested that the mechanism of Na + can mediate the uptake of Ca ++ from the extracellular environment to the intracellular environment by changing Na + /K + to Na + /Ca ++ . This mechanism was confirmed by Sandercock and Mitchell (2004) , who used an ionophore agent (monensin) and ouabain in the diet of broiler chickens and found an increased concentration of intracellular Ca ++ , thus leading to injury and increased release of the enzyme creatinine kinase.
The breakdown of homeostasis generated by stress, coupled with an increase in intracellular calcium concentration, can lead to possible injury in the phospholipid membrane. Consequently, there is an increase in phospholipase A2 activity that stimulates the synthesis of arachidonic acid, which is a precursor of cyclooxygenase and lipoxygenase. These changes lead to the formation of eicosanoids, such as prostaglandins and leukotrienes, which are important inflammatory mediators (Touqui and Alaoui-El-Azher, 2001 ) and free radicals (Soares et al., 2009) .
The formation of free radicals or reactive oxygen species can occur through the action of the enzyme cyclooxygenase on arachidonic acid, which is released from phospholipase A2 activity of the hydroxyl radical and is the most reactive intermediate for the formation of free radicals. This is one of the most important components for the lipid oxidation of cell membranes (Schneider and de Oliveira, 2004 ). This oxidation is increased when the broilers are subjected to heat stress (Altan et al., 2000; Lin et al., 2000) . Thus, the use of SCFP may have inhibited lipid oxidation of meat of chickens by the production of constituents (flavonoids and vitamin E) that exhibit anti-inflammatory and antioxidant activity. According to Manthey et al. (2001) , flavonoids have an anti-inflammatory effect and the ability to inhibit the activity of phospholipase A2, and may improve the resistance to heat stress as reported by Price et al. (2018) .
Vitamin E (α-tocopherol), present in the SCFP, acts as an antioxidant by reducing the lipid oxidation of meat. Avila-Ramos et al. (2013) found that working with levels of 10 and 100 ppm of vitamin E decreased lipid oxidation in samples of breast meat that were 45 d old. Aristides et al. (2012) used products based on SCFP in broilers and observed a reduction in lipid oxidation. The same results were observed by Zhang et al. (2005) , where the addition of 0.3, 1, and 3% of SCFP reduced lipid oxidation in chicken breast compared to the control treatment.
CONCLUSIONS
In summary, the present study showed that the inclusion of 1,500 g/t of SCFP may increase the leg yield and reduce the pH of meat in values that are considered normal. Additionally, the study demonstrated that the inclusion of 750 g/t of SCFP may be an important tool to reduce the lipid oxidation of meat and increase the shelf life of the product.
